The optical quantum-well structure consists of plugging one photonic crystal into another one with different energy band structure making the state of photon have special characters due to different arrangements of wells and barriers. This study discusses two-parameter one-dimensional photonic crystal structure and corresponding quantum-well structures and analyses the transmission spectra under axial stress. Optical fiber communication signal classification is to identify modulation style of signal with much noise. Wavelet transformation has a good localization characteristic in time-frequency domain, and the neural network has characteristics of selfstudy, self-adaptation, and high stabilization, which can improve the automatization and intelligence of recognition, so we combined the advantages of wavelet and neural network to identify the modulation styles of optical fiber communication signal in the paper. Firstly, we used the wavelet to decompose the signal, and then extracted the characteristics through the wavelet coefficient. Lastly we adopted the probabilistic neural networks to classify 4 kinds of common optical fiber communication signal. The simulation results indicate that the presented method performs well.
INTRODUCTION
Photonic crystal is a thriving new field which has achieved great developments so far and caused widespread interests. However this simple periodic structure is difficult to meet the growing demands, so the optical quantum-well structure is introduced. This structure consists of plugging one photonic crystal into another one with different energy band structure making the state of photon have special characters due to different arrangements of wells and barriers. This paper discusses one-dimensional photonic crystal structure and corresponding quantum-well structures and analyses the transmission spectra under axial stress.
RESEARCH METHOD AND MODEL OF ONE-DIMENSIONAL PHOTONIC CRYSTAL
Photonic crystal quantum well consists of two photonic crystals arranged in one direction. When the energy band of the photonic crystal of the inner block (well layer) is just in the band gap of the photonic crystal of the outer block (barrier layer) One-dimensional binary photonic crystal quantum well structure, referred to as the light quantum well. The trap of the photon quantum well is the inner block photonic crystal, and the light quantum well is the outer block photonic crystal. When the light passes through the one-dimensional binary photonic crystal, the quantum confinement of the photon will be more obvious, so the range of the optical frequency transmitted from the photonic crystal is narrower. This new characteristic is the design of high quality and high performance quantum well optical device design provides a theoretical basis (Veselago, 1968) .
The Classical research method
Maxwell's equations are reviewed in this study, because they foresee the existence of electromagnetic waves and lay a solid foundation for the appearance of photonic crystals. Then the research situations of photonic crystals, negative refractive materials, optical quantum wells and meso-piezoresistive effect are introduced. Secondly, through the analysis of the differential and integral form of Maxwell's equations, the electromagnetic wave equations for electric field strength and magnetic induction intensity propagating in medium are derived. Then the basic concept, classification, physical characteristics, analysis methods, preparation and application of Photonic crystals are demonstrated. Thirdly, the transmission characteristic of one-dimensional photonic crystals is deduced based on transfer matrix method and the reflection spectra are analyzed using two-parameter model. We found the results are significantly different when keeping the thickness of one medium but increasing or decreasing the thickness of another one. Fourthly, the concept of optical quantum wells is given in detail. Then a theoretical model of one-dimensional quantum structure is build. Based on this model data simulation and analysis are made. Meanwhile transmission characteristics of onedimensional optical quantum well structures containing negative refractive index materials are also simulated and analyzed. Finally, the concepts and classifications of the stress and strain are introduced and resonant tunneling structure and its principles are given. The effect of axial strain on the double-barrier resonant tunneling structure is calculated. Through the establishment of an appropriate model the mesoscopic transmission spectra of photonic crystal are analyzed and the piezooptical coefficients are obtained (Liu and Dong, 2012) .
The Novel Transport Matrix Method
Transmission matrix method is based on thin film optics, optical electromagnetic theory, the light in the layered thin film dielectric and the periodic arrangement of the film medium, can be used to separate the transmission matrix and the total matrix description, the total matrix is equal to the hierarchical transmission matrix product. The transmission coefficient, reflectance and transmittance of the light propagating in the photonic crystal and the electric field distribution inside the photonic crystal can be obtained from the total transfer matrix (Wang, 2001; Xu and Su, 2013) .
The characteristic matrix of the one -dimensional photonic crystal with single -layer dielectric is
Extended to the feature matrix of the i interface the dielectric layer of N layer can obtain
The reflection coefficient, the transmission coefficient, the reflectivity, and the refractive index are 0 0 1
Similar to the quantum well structure in the semiconductor, different photonic crystals can be combined with photonic crystal quantum wells. Generally, a barrier layer in a photonic crystal quantum well can be composed of the same or different photonic crystals, the dielectric material of the intermediate well layer is uniform, and the photonic crystal of the barrier layer and the well layer has the same structure and lattice constant, but Materials are different. When the energy band of the middle well layer is in the forbidden band of the barrier layer, the local photon state appears. The photonic crystal quantum wells
The structure model is formed by inserting the intermediate photonic crystal layer on both sides of the photonic crystal layer. This kind of structure is similar to the one on the two sides of the photonic quantum well, which is easier to realize. The photonic crystal band is completely in the band gap of the photonic crystals on both sides, and the photonic band structure is formed (Gruning and Lehmann, 1995; Knight and Birks, 1996) .
WAVELET TRANSFORMATION IN OPTICAL FIBER COMMUNICATION
The environment of wireless communication becomes more and more complex as the developing of communication technique, and how to scout and identify the signal is an important problem. Modulation classification of optical fiber communication signal is to identify modulation style of signal with much noise. It is the foundation of the electronic warfare and electronic reconnaissance in military field, which is one of the key techniques in civil field to accomplish the non-cooperated communication assignment, such as signal identification, interferer identification, and frequency supervision (Hsue and Soliman, 1989; Assaleh and Farrell, 1992) .
Wavelet transformation has a good localization characteristic in time-frequency domain, which is good for analyzing the mutation signal and non-placid signal. Neural network has characteristics of self-study, selfadaptation, high stabilization, error acceptability. It can improve the automatization and intelligence of recognition by using neural network. Based on above analysis, we proposed the combination of wavelet transformation and neural network to implement the modulation classification of optical fiber communication signal. Firstly, we introduced the theory of signal modulation. Secondly, we designed a method to identify the modulation style of optical fiber communication signal based on wavelet transformation and neural network. The method is implemented by two steps. The first step is characteristics extraction, we adopted the Daubechies wavelet to analyze the modulation signal and extract the characteristic parameters. The second step is classification, where the probabilistic neural networks (PNN) were used to identify the modulation signal. Lastly we adopted the PNN to classify 4 kinds of common optical fiber communication signal. The simulation results indicate that the presented method performs well (Fink, 1998) .
Modulation and demodulation are the key techniques in communication systems. The modulation styles are shown in figure 1. The method of modulation includes the continuous wave modulation and impulse modulation. The carry frequency of the continuous wave modulation often adopts sine signal with high frequency. So it is often called sine wave modulation, which includes two styles, analog modulation and digital modulation. In the paper, four kinds of optical fiber digital modulation modes, which are ASK, FSK, PSK and PCM, were selected to research. 
CHARACTERISTICS EXTRACTION OF MODULATION SIGNAL BASED ON WAVELET TRANSFORMATION

The Choice of Mother Wavelet
Signal is projected to the function space decomposed by wavelet basis function. The coefficients expanded by wavelet basis reflect the correlation of wavelet basis function and the original signal in different scale, the larger magnitude of coefficients, the greater correlation of wavelet basis function and the signal, and the distribution of energy is more centralized. So choosing appropriate mother wavelet is valuable to improve the precision of classification according to the subject investigated. The characteristics of mother wavelet are mainly including vanishing moments, regularity, orthogonality and symmetrical characteristic. Generally speaking, the higher is the vanishing moments of wavelet basis function and the better of the regularity, the better is expression capacity. The other characteristic is the symmetrical characteristic of wavelet, which is useful for the avoidance of signal distortion, and has importance influence over the precision of classification. It is obviously that the better is the symmetrical characteristic, the better is precision of classification (Liang and Ho, 1999; Yariv, 1999) .
The best choice of wavelet basis is determined to the characteristic of signal and the background of appliance. For the image compression, we should represent the most information content with the least wavelet coefficient, but for the pattern recognition, we should choose the wavelet basis which can represent the signal style with special mode. At the same time, the degree of depth of wavelet decomposition is another important research content. Based on the above, we chose the Daubechies wavelet to do the wavelet transformation. The Daubechies wavelet is orthogonal wavelet, which has good localization characteristic, approximating characteristic and determinacy characteristic db wavelet is the abbreviation of Daubechies wavelet, which had been proposed by a French woman scientist Ingrid Daubechies in 1990th. The letter N of dbN represents the order of the wavelet, N=2~10 db wavelet is Haar wavelet when the N is 1. Daubechies had computed the (t)  and the (t)  when the N is changing from 2 to 10 db wavelet is orthogonal wavelet, and is also biorthogonal wavelet and compact support. The range of (t)  is t=0~ (2N-1) , the range of (t)  is (1-N) ~N. The wavelet (t)  has N order vanishing moments, ( )   has N order zero point when the =0  . But the db wavelet is unsymmetrical. The corresponding filters are belonged to the conjugate orthogonal mirror image filters (Ho and Prokopiw, 2000; Ta, 2004) .
Wavelet Decomposition and Characteristic Extraction of Communication Signal
The difference of modulation styles of communication signal can be expressed by the different frequency magnitude of different decomposition scale after the wavelet decomposition, because the wavelet analysis can decompose the signal into different frequency range. The distributing state can be expressed by the energy or variance of the different frequency signal decomposed by wavelet transformation in the sight of statistics. Based on the above, we adopted the db2 wavelet to decompose and reconstruct the signal, and then extract the characteristics of different signal layer. The steps of characteristics extraction are as follows:
The signal were decomposed with 7 layer db2 wavelet, so decomposed the signal into eight different frequency range, and could get one low frequency coefficient a7 and seven high frequency coefficients d1,d2,….,d7.
Reconstructed the signal using different layer coefficients, then extracted the varianceδof different layer signal as the characteristic value. The expression ofδis as follows:
x is the average value of reconstruction signal, n is the sample number of every signal segment, i
x is the sample value. So the characteristic vector is expressed as follows: 
IDENTIFICATION OF OPTICAL FIBER MODULATION SIGNAL USING THE PNN
The PNN is an important deformation of RBF(Radial Basis Function) neural network, the structure is shown as the figure 2.
The structure of probabilistic neural network
It is the structure of probabilistic neural network. The number of implied neurons is equal to the number of input pattern vector, the number of implied neurons is equal to the number of input pattern vector, the number of neurons in the output layer is equal to the number of styles of the training patterns. The output layer in the network is the competitive layer, every neurons is in correspondence with one style of data. The C module represents the competitive passing function, the function is to find the max value of the input vector, and make the output value of the neurons as 1, which is in correspond with max value, and the output of the other styles is 0. The results of classification using PNN can reach the highest probability of classification (Sangwoo, 2000) .
The wavelet neural network is the combination of wavelet analysis and neural network. The combination has two styles, one is the aided combination, we call it aided wavelet neural network, and the other is nesting combination. The paper mainly paid more attention to the aided wavelet neural network. The structure of the aided wavelet neural network is shown as the figure 3. The aided wavelet neural network includes two steps. The first step is the characteristic extraction, and the second step is the classification. The characteristic vector P has been described in the above part, we treated it as the input of the neural network. In the classification layer, we chose the PNN as the classifier. We first used the patterns to train the PNN until the network attained to good stage, and then used the PNN to classify the other communication modulation signal.
SIMULATION AND PERFORMANCE ANALYSIS
The simulation includes four steps: (1) The generation of modulation signal; (2) characteristic extraction of modulation signal; (3) training test set using PPN neural network; (4) showing the results and performance analysis.
In this part, we simulated four different modulation signal including ASK, FSK, PSK, PCM with different SNR. We firstly decomposed and reconstructed signal using 7 layer wavelet, and then extracted the variance of different layer signal. We could get 8 characteristics δ1, δ2, …, δ8. We generated 100 patterns for every kind of modulation signal, so we got 400 patterns total. Every pattern has 8 characteristic numbers. We chose 100 patterns as training set and the rest 300 patterns as the testing set.
The figure 4 gives the effect chart of identification using the PPN network. The air-core circularity represents the modulation styles of input signal. The vertical axis 1 represents the ASK signal, 2 represents FSK signal, 3 represents PSK signal, 4 represents PCM signal. The five pointed star represents the modulation style of signal after the PNN. From the picture, we can find that the ASK signal, PSK signal and PCM signal are all correctly identified, but there is a mistake happened in the identification of PCM signal, one FSK signal is classified to the PSK signal. We add five kinds of noise to different signal with different modulation styles for probability states, the SNR is as follows: -10db,-5db, 0db, 5db, 10db. Every kind of signal has been classified 100 times, and then we counted the correct rate of identification using the PNN with different SNR, the result is shown in the table 1. From the table 1, we can find that the performance of modulation classification of optical fiber communication signal based on aided wavelet neural network performs well, the identification ratio can reach at least 88% while the SNR is -5dB; the identification rate of ASK signal and FSK signal is 100% while the SNR is 0dB; when the SNR is 5dB, the identification rate of all signal can reach 100% except PSK signal whose identification rate is 98%.
The figure 5 shows the average identification ratio change with the increase of SNR and we can find that the average identification ratio is increased with the increasing of SNR. The average identification ratio can reach 95% when the SNR is higher than 0 dB. In a world, we can conclude that the performance of modulation identification of optical fiber communication signal based on aided wavelet neural network is fine and is insensitive to noise. 
CONCLUSIONS
This paper adopted the combination of wavelet analysis and the neural network to identify 4 kinds of common optical fiber communication signal with different modulation style. Firstly, we adopted the wavelet transformation to extract the characteristic parameters and then passed the parameters to the trained PNN to identify. The results of simulation indicate the combination of wavelet analysis and neural network is good for the modulation identification of optical fiber communication signal. The paper needs some future research, such as the other methods of characteristics represent using wavelet analysis and the analysis of identification ability of PNN at the same modulation style with different magnitude of modulation. The concepts and classifications of the stress and strain are introduced and resonant tunneling structure and its principles are given. The effect of axial strain on the double-barrier resonant tunneling structure is calculated. Through the establishment of an
